Theory predicts that a small effective population size leads to slower accumulation of mutations, increased levels of genetic drift and reduction in the efficiency of natural selection.
Introduction
A main concern in the current debate on ecological effects of climate change is whether populations and species can adapt fast enough to keep up with the rapid rate of environmental changes (Salamin et al. 2010) . Mitigation of biodiversity loss requires knowledge on ecological and evolutionary responses of populations to habitat changes, and on the conditions that allow a recovery of declining populations (Gonzalez et al. 2012) . Plant endemic species are an important component of biodiversity, particularly in biodiversity hotspots, where they make up a large proportion of the local flora (Myers et al. 2000) . With a limited geographic distribution that is often tied to specific habitats, endemic species are more vulnerable to environmental changes as they frequently depend on the existence of particular biotic and abiotic interactions (Thomas et al. 2004) . For this reason endemic biodiversity should be a central focus of conservation efforts.
Because of their limited distribution range, endemic species tend to have small census population sizes and smaller effective population sizes, Ne (Freville et al. 2001; Strasburg et al. 2011) .
Theory predicts that a small effective population size leads to slower accumulation of mutations, increased levels of genetic drift and reduction in the efficiency of natural selection (reviewed by Ellstrand & Elam 1993) . According to the neutral theory of molecular evolution, genetic diversity levels at neutral sites reflect a balance between the mutational input per generation and the loss of genetic variation due to genetic drift (Kimura 1983) . All else being equal, species with smaller population sizes should thus harbor lower levels of neutral genetic diversity (Ramos-Onsins 2004; Leimu et al. 2006; Leffler et al. 2012) . The chance of new, potentially advantageous mutations appearing is also reduced compared to larger populations. Additionally, hard selective sweeps from new mutations and soft selective sweeps from standing variation are less likely, reducing the rate of adaptation (Lanfear et al. 2014) . Furthermore, genetic drift may lead to the fixation of mildly deleterious mutations which are not efficiently removed because of weak purifying selection (Kimura 1983; Cao et al. 2011; Xue et al. 2015) , leading potentially to a mutational meltdown (Lynch et al. 1993) . Consequently, the direct and indirect effects of a small effective population size have a strong influence on the evolutionary dynamics and the adaptive potential of a species (Charlesworth 2009 ). Continuous adaptation in changing environments requires sufficient and appropriate genetic variation that provides extreme genotypes capable of surviving intense stress conditions and allow the population persistence (Reed et al. 2011; Bell 2013 ). Low levels of genetic diversity, reduced average fitness and limited adaptive potential have been indeed observed for plant populations with small population size (Pluess & Stöcklin 2004; Hensen & Oberprieler 2005; Leimu et al. 2006; Michalski & Durka 2007; Leimu & Fischer 2008) . A meta-analysis demonstrated that genetic erosion significantly contributes to the extinction risk of plant species, beside short term demographic and ecological processes (Spielman et al. 2004) . To evaluate the adaptive potential and demographic responses of endemic populations in a rapidly changing environment, it is therefore necessary to estimate levels of genetic diversity and to infer the evolutionary processes (genetic drift, gene flow, mutation, mating system) that have shaped the pattern of genetic variation (Reed et al. 2011 ).
In the genus Arabidopsis, the two endemic species Arabidopsis cebennensis (DC.) and Arabidopsis pedemontana (Boiss.) provide an excellent model of species with restricted ranges. is not protected but occurs mostly in national and regional protected reserve areas. The two species are closely related to each other and their common ancestor is genetically distinct from other lineages in the genus (Koch & Matschinger 2007; Hohmann et al. 2014) . They are perennial diploids and presumably self-incompatible, with a strong tendency for vegetative reproduction by clonal growth (Hohmann et al. 2014) . Both species occupy a very specific niche in riverine habitats (streams and waterfalls), with a semi-continental mountainous climate (cold winters).
Adaptation to this specific habitat led to a very specialized ecology, and phenotypically Arabidopsis species (Koch & Matschinger 2007; Hohmann et al. 2014 ). Due to this reduced level of genetic variation, these surveys have not provided much information on genetic structure.
Whole genome approaches are likely more promising.
The present work aims to reveal the extent and structure of genetic variation in the two endemic A. cebennensis and A. pedemontana on a genome-wide scale. We used Genotyping-BySequencing (GBS, Elshire et al. 2011 ) to obtain genome-wide SNPs for estimating population genetic parameters. GBS and other reduced-representation sequencing approaches (Davey et al. 2011 ) have rapidly become important tools for the study of genetic diversity, adaptation and conservation (Narum et al. 2013; Huang et al. 2014; Gonçalves da Silva et al. 2015; Xue et al. 2015) . As the genomes of both endemic species have not yet been sequenced, we used A. lyrata, which is the most closely related species with a sequenced genome, as a reference for mapping and SNP calling. Additionally we analyzed the structure of genetic variation at the population level based on a set of microsatellite loci and plastid DNA sequences from the trnLF region, which have been used previously to characterize A. cebennensis and A. pedemontana genetic diversity within the whole genus Arabidopsis (Hohmann et al. 2014) .
Based on an extensive sampling representing 90% and 40% of all known locations for A. pedemontana and A. cebennensis, respectively, we characterized the genetic diversity and the contemporary effective population size of both endemic species over their entire distribution 6   122   123   124   125   126   127   128   129   130   131   132   133   134   135   136   137   138   139   140   141   142 range. We also investigated how their demographic history may have led to the observed levels of genetic variation, and tested whether it is consistent with models of declining population sizes. In light of these new results, we discuss the adaptive potential of the two endemic species in the context of the probable environmental changes to come.
Materials and Methods
More detailed information on the materials and methods is available in Text S1.
Plant material
All samples were collected between 2010 and 2014 in France and Italy (Fig. 1, Supporting information, Hohman et al. 2014) . For GBS, genomic DNA was extracted using a modified CTAB protocol (Saghai-Maroof et al. 1984) . For samples collected more recently, DNA was extracted with the Genomic Micro AX Blood Gravity kit (A&A Biotechnology, Gdynia, Poland).
DNA concentration and quality was checked with agarose gel electrophoresis and Qubit 2.0 Fluorometer (Life Technologies). In the GBS analysis, 53 A. pedemontana and 28 A. cebennensis samples were used.
Genotyping-by-Sequencing (GBS)
Double-digest GBS libraries were constructed based on the design of (Poland et al. 2012 ) with ApeKI as rare-cutting and HindIII as common restriction enzyme. Adapters and primers (Metabion) were taken from (Elshire et al. 2011) . Adapters were modified to introduce 58 (Lysak et al. 2009; Hohmann et al. 2014 ) the targeted coverage per site was between 20 and 30x.
Sequence data analysis and SNP calling
Raw reads were processed with custom Python scripts, bwa (Li & Durbin 2009) and FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). All reads with ambiguous 'N' nucleotides and reads with low quality values (< 90% bases with Q>20) were discarded. Read length after barcode and endtrimming was 90 bp (Supporting information). The pre-processed reads were aligned to the genome of Arabidopsis lyrata strain MN47 (Hu et al. 2011 ) with pBWA (Peters et al. 2012 ) with 10 mismatches allowed. Biallelic SNPs were called with SAMtools ) and custom Python scripts from aligned reads with a minimum mapping quality of 1.
The vcf file was parsed to filter out SNPs with a coverage of at least 30x and at most 3000x, A. cebennensis individuals with less than 5,000 SNPs were excluded to reduce the proportion of missing values (Supporting information). The SNPs were further filtered using vcftools (Danecek et al. 2011 ) to include only intra-specific A. pedemontana and A. cebennensis polymorphic sites (Table S2 ). Two additional files were created including only SNPs with data for at least 50% and 70% of the sampled individuals (Table S2 ). SNP calling was conducted additionally for ten different subsets of 21 randomly chosen A. pedemontana individuals, in order to compare the number of SNPs observed for A. cebennensis and A. pedemontana when working with the same sample size. The total number of sites (polymorphic and non-polymorphic) and variants (SNPs and indels) were also calculated, applying the same filters described above, allowing us to determine the percentage of polymorphic loci for both species.
Structure and genetic diversity analysis
Population structure was inferred using SNPs with data for at least 50% of the sampled individuals. The optimal number of clusters was obtained using ADMIXTURE (Alexander et al. 2009 ) with the cross-validation procedure (--cv) with K ranging from 1 to 9. Ten iterations with different seed values were completed and compared for homogeneity. Discriminant Analysis of Principal Components (DAPC; Jombart et al. 2010) was conducted using the adegenet R package, first using the function find.clusters to determine the optimal number of clusters (K), with K ≤ 10. 25 and 60 principal components (PCs) were kept to explain the variance in A. cebennensis and A. pedemontana respectively. Phylogenetic networks were generated in ambiguous states, and the network was generated using the Neighbor-net distances transformation (Bryant & Moulton 2004 ) with 100 bootstrap replicates. A network was also constructed for the two species and including the reference A. lyrata as outgroup, using SNPs called between the three species. To investigate the extent to which the genetic distance between populations was affected by spatial structure (dispersal limitation), and to test the isolation-bydistance (IBD) hypothesis (Slatkin 1993) , a Redundancy Analysis (RDA) was performed (Borcard et al. 1992 ) using the R package ade4 (Text S1) . The presence of migration events between A. cebennensis large populations was tested by running TreeMix v1.12 (Pickrell & Pritchard 2012 ) with A. pedemontana as outgroup, and four migration events allowed. One thousand bootstrap replicates were generated by resampling blocks of 500 SNPs.
All population genetic parameters were calculated from SNPs with data for at least 70% of the sampled individuals. The percentage of missing data was calculated using the R package adegenet 1.4-2 (Jombart & Ahmed 2011) . Nucleotide diversity (π) was calculated for each SNP and then averaged over the total number of sites to obtain an average nucleotide diversity per bp, using the formula in Begun et al. (2007) . Watterson's estimator (θw) was calculated to compare the number of segregating sites between the populations. Nei's gene diversity (or proportion of heterozygosity expected, Hexp) as well as the proportion of heterozygosity observed (Hobs) were calculated using adegenet. The sum of expected heterozygosity per polymorphic sites was divided by the total number of sites to calculate the mean expected heterozygosity. (Paradis 2010) , using the formula of Weir & Cockerham (1984) . Mean values of Fst were calculated over all sites. The partitioning of genetic variability among and within populations in A. cebennensis was analyzed with an AMOVA in Arlequin v.3.5, using 10,000 permutations and pairwise difference as distance calculation method.
Demographic analysis
The long-term demographic history of the two species was investigated with δaδi v1.7.0 (Gutenkunst et al. 2009 ). We examined five one-dimension models for each species independently, one neutral and four population size change models (Fig. S2) . The standard neutral model (SNM) assumes a constant population size (ancestral population size Na). For the simple exponential size change model 1a, the population size has changed instantaneously at time T in the past to yield a present population size of N. Model 1b assumes that the population size has changed exponentially since time T in the past, leading to a contemporary population size N.
Model 1c assumes that the species have first experienced an instantaneous size change, yielding a population size of N0, followed by an exponential population size change, going from N0 to N in time T. In Model 1d, we expand Model 1a by incorporating a second instantaneous size change event. At time T + T0 in the past, the population goes through a size change of depth N0, and then recovers to relative size N. The last two models allow us test the probability of a past bottleneck event followed by either recovery or further decrease of the population size. Additionally we tested three two-populations models in which A. cebennensis and A. pedemontana diverged from an ancestral population (Fig. S2) . In model 2a, at Tpc x 2Na generations ago, the two species split, In model 2b, the split is followed by exponential size change of both new species, going from Nc0/Np0 to Nc/Np during the time Tpc since the divergence. In model 2c, we incorporated a bottleneck event in the ancestral equilibrium population before the divergence of the species. The depth and duration of the bottleneck are denoted by N0 and T0 respectively. The Python script implementing the models is provided as Supporting information.
The models were fitted to the SNPs dataset with data for at least 70% of the sampled individuals.
The data joint site frequency spectrum ( replicate pseudo-data sets were generated by bootstraping the SNP data by 1 Mb regions on the A. lyrata scaffolds to account for putative linkage between the SNPs. CIs were estimated using the SFS of the bootstraped data sets. The log composite likelihood of each model was calculated using δaδi's ll_multinom function and the likelihood ratio test was used to test if the differences in the likelihood values between the models were significant. The number of SNPs and percentage of polymorphic loci over all sites were more than two times higher in A. pedemontana than in A. cebennensis (Table 1) . When the SNP calling was conducted on ten different subsets of 21 randomly sampled A. pedemontana individuals, the resulting average number of SNPs was 11,858 SNPs (Table S3) 
Results

GBS and polymorphisms
Population structure
Based on the geographic distribution of the samples (Fig. 1) , our initial hypotheses were: 1) closely associated with the genetic cluster found in the Cévennes region. This population is located at an artificial creek close to a forest road side. Considering that also its chloroplast genome type is identical to the Cévennes region (Fig. S3) , it is more likely that we observed here a very rare case of recent long-distance dispersal, maybe promoted by humans. Strong phylogeographic signal in A. cebennensis is highly supported by the distribution of maternally inherited plastid DNA types (trnLF loci). In the three major regions, distinct types prevail and we did not find variation within a population. The Redundancy analysis (RDA) on genetic diversity with spatial variables explained 92.5% of the total variance in genetic diversity. However the spatial variables (distance) did not have a significant contribution (p>0.05), rejecting isolation by distance as responsible for the strong structure observed in A. cebennensis.
For A. pedemontana, the ADMIXTURE analysis did not suggest population structure as the cross-validation value slowly increased for K=1 to K=9 (Fig. S5) . Inspection of population assignment for K=2 did not confirm our hypothesis of a differentiation of A. pedemontana individuals between the two valleys. Instead, individuals from Vallone di Fiunira (Fiunira) clustered as one genotype while individuals from Comba della Gianna (Giana) presented an admixture of both detected genotypes (Table S1 ). When describing clusters with DAPC, 15 PCs and 1 discriminant functions were retained. The DAPC analysis confirmed the results of the ADMIXTURE analysis (Fig. 3) . Phylogenetic analysis of A. pedemontana confirmed a weak population structure with a star-shaped network, with low support for internal edges and long terminal branches (Fig. 3) . However, clusters could still be observed that corresponded to the geographic distribution of the samples. Although the microsatellite sampling for A. pedemontana was less complete, it contained one population that was not sampled with GBS (114; Supporting information). The genetic assignment tests for microsatellite data did not find a significant K exceeding 1, confirming the GBS results. If "LocPriors" were set and varying from 2 to 9, a significant K=2 was found, separating population 114 from the other investigated populations (Fig. S3) . It is consistent with the fact that geographic distances are correlated to genetic differentiation in A. pedemontana, as population 114 was the only one sampled in Valley Po for this dataset. However, with the more uniformly distributed samples in the GBS analysis, no higher-level structure is apparent between valley Po and valley Pellice. RDA analysis on genetic diversity with spatial variables explained a significant contribution of 13.5% of the total variance in genetic diversity found in populations (p<0.05). Hence dispersal limitation due to geographic distances (isolation-by-distance model) appears to be responsible for the weak structure observed in A. pedemontana. The level of plastid DNA variation is very low as only the ancestral type A was found (Fig. S3) .
Fst-based analysis of genetic differentiation
The mean pairwise genetic distance based on Fst values between A. cebennensis populations were (Fig. 2) . Fst values were high compared to the distance between the two species (0.33 ± 0.005).
Within the Cantal population, the subpopulation 139R and 140/141R displayed a much lower (Fig. S7) .
Intraspecific genetic diversity
The nucleotide diversity per base pair averaged on total number of sites (π) was calculated for both species (Table 2 ). π was 0.0026 for A. cebennensis and 0.0040 for A. pedemontana. The distribution of π per SNP was homogeneous along A. lyrata scaffolds for both species (see Manhattan plots in Fig. S8 ), indicating that the genetic variability within each species is distributed uniformly along chromosomes. The three A. cebennensis populations displayed similar values of π (Table 2) . θw values were almost identical to π (Table 2) . Arabidopsis cebennensis also displayed a lower mean expected heterozygosity (Hexp) than A. pedemontana (Table 2 ). The mean observed heterozygosity (Hobs) calculated were only slightly lower than the expected values. These results showed a higher diversity overall in A. pedemontana sampled populations compared to A. cebennensis. In A. cebennensis, 39% of the genetic variability in the 
Species demographic history
To infer the history of the two species, we tested five single-population demographic models using the joint site frequency spectrum (SFS) and the maximum likelihood methods implemented in δaδi. Considering the western alpine and sub-alpine distribution of the two species, and the fact that they occur at the highest possible elevation of the surrounding regions, we assumed they diverged during a glaciation area, and survived only in refugia in higher altitude during warming period, where they were already adapted to the colder conditions. Such a scenario implies a strong population decline of the species somewhere in their past. For each species, we fitted models 1a to 1d to test for different scenarios of population size change and compared the results to the standard neutral model (SNM) (Fig. S2 ). We were unsuccessful in testing models incorporating a split of A. cebennensis in three sub-populations, due to the sampling size and the quantity of segregating sites obtained for each of these populations. The observed minor allele frequency spectra of A. cebennensis and A. pedemontana were quite different. In A.
pedemontana, the declining function (larger number of rarer alleles) is consistent with mutationdrift equilibrium in a stable population (log composite likelihood value LL = -334.4 for SNM). (Fig. 4 and Fig. S2 ). The two models 1a and 1b fitted the observed data significantly better than the dual size change model 1c (with an error alpha= 5%, Adjusted D-statistic = -0.79 for A. cebennensis and -3.75 for A. pedemontana, p-value = 1).
Model 1d fitted the observed data poorly (Fig. S2 ).
Equivalent fits were observed for models 1a and 1b, which could not be compared with a likelihood ratio test (LRT) as they were not nested. Both suggested a strong population decline for the two species (Fig. 4) and indicated a deeper reduction and smaller relative population size for A. cebennensis: the effective population size of this species has been reduced to approximately 0.1% of its ancestral population size Na (Fig. 4) . In contrast, the A. pedemontana population shrunk only to half of its Na. Assuming an average generation time of two years and an overall mutation rate of 7 x 10 larger correlated residuals for A. cebennensis, and the strikingly low population size estimated for this species. To evaluate the effect of strong population structure on model fitting, we additionally fitted all single-population models to the observed data of the Cantal population separately. This population, for which we have the largest sample size (nine individuals), provides a representative dataset for the whole species without effect of structure. However the SFS observed for the Cantal population was also biased toward intermediate allele frequencies (Fig.   S2 ) and the single-population models did not fit the Cantal data better than the whole species dataset. The structure observed previously within the Cantal population was very weak (Fst = 0.05 between clusters 139R and 140R/141R) and cannot completely explain the SFS observed. In all models, the contemporary population size was as low as for the whole A. cebennensis dataset. and comparing the results to the fitting of models 2a and 2b, which assume the divergence of the two species prior to instantaneous and exponential size change respectively. All two-populations models fitted the data very poorly based on LL values and fitting plots (Fig. S2) . The lack of outgroup information and previous assumptions on any parameters of the model, the number of parameters to optimize and the potential linkage existing between our SNPs (δaδi assumes that all From model 2b we estimated that the speciation events occurred ≈ 168.000 years ago. 
Discussion
As endemic species have higher probabilities to display a small census and effective population size and a highly specific ecology, reduced genetic diversity could be a limiting factor for their adaptive potential in changing environments (Ellstrand & Elam 1993; Frankham 1995; Allendorf & Ryman 2002; Leimu et al. 2006) . In this study we evaluated the extent and structure of genetic variation in the two endemic species A. cebennensis and A. pedemontana, using samples from most of their currently known locations in southern France and northwestern Italy. Their demographic history was also investigated and their present effective population size estimated in order to determine which processes shaped the modern pattern of genetic diversity.
Genetic structure
Arabidopsis cebennensis presented three clearly distinct populations corresponding to the large geographic regions Cantal, Cévennes, and Ardèche, which are represented in this study by 11, four and six samples respectively. Ardèche and Cévennes individuals were more closely related to each other. The Cantal population can be further subdivided between subpopulation 139R (4 individuals) and subpopulation 140R/141R (7 individuals pedemontana. However, the genetic distance between A. cebennensis and A. pedemontana (0.33) was not high compared to other intra and inter-specific comparisons in the genus using neutral markers: the average pairwise Fst between populations of A. halleri from two large units separated by the Alps, was around 0.37 (Pauwels et al. 2012) ; the average Fst calculated between 31 A. halleri and 48 A. lyrata individuals was 0.46 ± 0.211, although this value was conservative as it was calculated from nuclear coding sequences only (Roux et al. 2011 
Genetic diversity
Interestingly, the number and percentage of polymorphic loci were twice as high for A. pedemontana as for A. cebennensis. The nucleotide diversity (π), Watterson's estimator (θw) and Nei's gene diversity (Hexp) were all higher for A. pedemontana compared to A. cebennensis, supporting a greater genetic diversity in the Italian species despite its smaller distribution range.
Only the plastid DNA variation was lower for A. pedemontana with only one trnLF plastid region haplotype while A. cebennensis displayed four different types (Hohmann et al. 2014) although the species is selfing (Nordborg et al. 2005) . With the set of microsatellite loci included here for structure analysis, the highest number of total alleles, unique alleles and rare alleles, considering only diploids, were found within widely distributed A. lyrata ssp. petraea and A. carpatica (A. arenosa lineage; Hohmann et al. 2014) . These diversity statistics were the lowest cebennnensis. Overall, we observe that the genetic variation level in the two endemic species is lower than for the other Arabidopsis species with wide distribution range and the same mating system (self-incompatibility). For comparison, the narrow endemic Aquilegia thalictrifolia, distributed in a few valleys of the Italian South-Eastern Alps, also displayed a higher average Hexp (0.68 ± 0.19), which is twice as high as for the two Arabidopsis endemics (Lega et al. 2014) . In A. cebennensis π, θw and Hexp were low and almost similar for the three subpopulations, and similar to what was estimated for the whole species. A similar level of genetic diversity is partitioned among and within the subpopulations in this species. It shows that gene flow was too limited to ensure that variation is shared over the whole distribution of the species, and led to the strong population structure observed. Overall, both A. pedemontana and A. cebennensis display low levels of genetic variation at the taxon and population levels, as would be predicted based on their narrow geographic range. The SNPs from the GBS analysis and the microsatellites markers gave similar results with regard to population structure, despite the differences in sampling size. In A. cebennensis, the level of admixture observed between the Ardèche and Cévennes populations with the microsatellite data confirm that these two populations had more recent genetic exchanges than with the Cantal populations. Concerning genetic diversity statistics, the GBS analyses gave much lower Hexp values than the microsatellites markers when both polymorphic and non-polymorphic sites were accounted for. As it takes in account the number of SNPs detected over the total number of sites, this approach gives a more realistic estimation of the level of heterozygosity over the whole genome. Nonetheless the two methods of polymorphism detection gave similar results in terms of ratio of Hexp between the two endemic species. The genome-wide SNPs and the multiple microsatellite loci were thus equally useful in inferring population structure and comparing the level of diversity between related species in our study. One advantage of using GBS is to screen thousands of polymorphism that are subject to the full range of evolutionary processes acting across the genome (mutation, drift, selection) (Narum et al. 2013) and improve the precision of demographic inferences by greatly increasing the number of putatively neutral markers assayed.
Comparison of population genetics inference methods
Past decline of the endemics populations
Our overall neighbor-net network with A. lyrata, A. cebennensis and A. pedemontana confirmed previous observations that the two endemic species, although clearly separated, are sister species (Koch & Matschinger 2007; Hohmann et al. 2014) . Additionally, 10% and 5% of the total polymorphism in A. cebennensis and A. pedemontana are shared polymorphisms, confirming the joint evolutionary history of the two species. As the two species are ecologically, morphologically (Hohmann et al. 2014) , we assumed that they diverged from a common ancestor related to A. halleri lineage. A. halleri is distributed in the whole alpine chain while the endemic species occur in refuge areas west of the mountainous range, at the highest altitude in the surroundings. The periphery of European Alps, in particular the south east and the west of the mountain range, harbors many small refugia with hundreds of endemic plant species, which result from Pleistocene glaciation cycles (Comes & Kadereit 2003; Tribsch & Schonswetter 2003; Schönswetter et al. 2005) . We therefore hypothesized that the evolutionary histories of both species have been influenced by Pleistocene climate oscillations:
the two cold-adapted species diverged from their common ancestor in the western alps during a glaciation period; with the next deglaciation phases the populations migrated or became restricted to refugia in higher altitude where they could survive the warming temperatures, resulting in a strong overall population size decrease; because of their adaptation to their specific refugia habitat and/or competition, they could not expand back to their unknown original distribution range, forming relictual populations.
The demographic analysis confirmed that both endemic species have undergone a strong decline in the past and did not recover to the present days, although we were not able to state if this decline happened through a strong bottleneck or through exponential population size decrease. pedemontana falls in the medium Pleistocene (Ionien), which corroborates our hypothesis. These results fit with the time of radiation calculated for all Arabidopsis lineages with n = 8 chromosomes (all except A. thaliana) (1.63 Mya; Hohmann et al. 2015) , and for A. halleri ssp.
halleri (~335,000 ya; Roux et al. 2011) . While A. pedemontana's decline falls still in the late Pleistocene, the decline of A. cebennensis seems to have occured in modern time (Holocene). As the demographic models (1a and 1b) used to estimate this value did not fit A. cebennensis observed data SFS perfectly, and A. cebennensis population structure was not included in the models, we can not say with certainty that this very recent estimate is accurate. Our separate demographic analysis of A. cebennensis Cantal population showed that the strong population structure of A. cebennensis alone does not explain completely the right-shifted site frequency While population structure could explain the excess of intermediate frequency alleles, a recent strong bottleneck could explain the lack of rare alleles (Luikart et al. 1998) and the small population size. In the future, the evolutionary history of the three A. cebennensis populations will be further investigated with an extended and more representative sampling scheme, which will also allow us to integrate the population structure into the demographic analysis. Particularly we will test if the structure and the sampling size together have created a false bottleneck signal for this species (Chikhi et al. 2010) .
Consequence on adaptive potential
In summary we described two endemics dissimilar patterns of genetic variation and differentiation. Due to a potentially rapid and recent decline, and its split into three allopatric populations, A. cebennensis currently exhibits a very low effective population size and low levels of genetic diversity. Although the absence of gene flow between these three sub-populations initiated their divergence by genetic drift or divergent selection (according to Fst values), the genetic diversity among them is also low (according to π values). The probability of finding strongly differentiated genotypes and phenotypes in the different geographic region where the species occurs is consequently small. Arabidopsis pedemontana population also declined rapidly in the past but not as strongly as for A. cebennensis, and A. pedemontana effective population size is still relatively high. Distance-limited dispersal is ongoing within its distribution range but did not contribute to create much diversity between the locations. Indeed the overall diversity level These first results are not optimistic regarding the adaptive potential of the two species in case of environmental change. The relatively recent and on-going global climate warming could impact the habitats of these two species by two means: 1) In Europe, it was already observed that climate change causes a general upward migration of plants to higher altitudes where they may compete with locally adapted endemic plants (Lenoir et al. 2008) ; 2) The increasing drought that could result from rising temperatures and decreasing precipitation predicted to be induced by climate change could particularly impact the highly specific riverine habitat of the two species. As a result, the occurrence of the two species in high altitude habitats, where they can not escape the increased competition, and their habitat specialization render them particularly vulnerable to climate change (Gottfried et al. 2012) . Predicting populations persistence during environmental change is complex as it depends on numerous factors (Reed et al. 2011) . However, with the relatively low levels of genetic diversity observed, we can predict that the two Arabidopsis endemic species may experience reduced relative adaptive ability and a higher risk of genetic extinction. The risk could be relatively higher for A. cebennensis, as small population size decrease the rates of adaptive evolution (Strasburg et al. 2011; Lanfear et al. 2014) and do not allow the populations to sustain further decline before evolutionary rescue (Gonzalez et al. 2012) . 
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